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La producción de energía a partir de biomasa en el mundo ha tomado relevancia en los 
últimos años, el crecimiento de las alternativas de aprovechamiento energético de la 
biomasa residual ha generado interés en evaluar la sostenibilidad de dichos proyectos. El 
presente trabajo realiza una revisión sobre algunas de las metodologías de evaluación de 
sostenibilidad utilizadas, y, por medio del Concepto Integrado de Sostenibilidad (ICoS) 
desarrolla una metodología para aplicar este esquema de evaluación en proyectos de 
Bioenergía en  Colombia. El ICoS desarrollado incluye criterios e indicadores para la 
evaluación del desempeño de proyectos de Bioenergía en: gestión de residuos, 
desempeño energético, equidad energética, cambio climático, entre otros. Este esquema 
es aplicado para evaluar el desempeño del relleno sanitario Guabal en el municipio de 
Yotoco ante tres escenarios: quema no controlada de metano, quema controlada del 
metano y generación de energía a partir del biogás, encontrando que el último escenario 




















The production of energy from biomass has taken relevance in the world in recent years. 
The growth of alternatives for energy use of residual biomass has generated interest in 
evaluating the sustainability of these projects. This paper reviews some of the sustainability 
evaluation methodologies used and, through the Integrated Sustainability Concept (ICoS), 
develops a methodology to apply this evaluation scheme in Bioenergy projects in Colombia. 
The ICoS developed includes criteria and indicators for the evaluation of the performance 
of Bioenergy projects in: waste management, energy performance, energy equity, climate 
change, among others. This scheme is applied to evaluate the performance of the Guabal 
landfill in the municipality of Yotoco in three scenarios: uncontrolled methane burning, 
controlled methane burning and generation of energy from biogas, finding that the last 
scenario is what allows better performance in the evaluation of sustainability. 
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Research problem and relevance of the study 
 
Aligned to the global agenda, Colombia recognizes the importance of its wealth in 
terms of biodiversity and, at the same time, identifies the vulnerability of its economic model. 
In order to face the consequences of climate change, Colombia has taken actions such as: 
(1) adhering to the initiative of compliance with the Sustainable Development Goals; (2) 
signing the commitment to reduce 20% of its greenhouse gases GHG emissions; (3) 
promoting the incorporation of renewable energies through Law 1715 of 2014 (4) and 
adopting within its National Development Plan 2014-2018 "Todos por un Nuevo País", the 
strategy of Green Growth. 
In this context, and in order to comply with these commitments, there is the need to 
propose a new economic growth strategy with less environmental impacts with special 
emphasis on the energy, waste management and agricultural sector. It is already 
recognized these areas are the main emitters of greenhouse gases (ONU Colombia, 2014) 
(Inventory of greenhouse gases, Colombia) in Colombia. At current state, projects of 
generation of energy from residual biomass (bioenergy) have been gaining relevance as 
an energy strategy for national expansion plans (FAO, 2013). 
Although the number of bioenergy projects in the country has not been quantified, it 
can be seen that the government has been promoting such projects at the national level 
through the National Climate Change Policy (Ministerio de ambiente y desarrollo sostenible 
Minambiente, 2017). One of the special focus for bioenergy projects are the involvement of 
rural areas, such as the Sustainable Rural Energization Plans (PERS) (IPSE, 2016). The 




In parallel, the private sector advances in the development and implementation of large-
scale systems for the energetic use of its waste; as is the case of the ten (10) projects 
registered in the Clean Development Mechanisms (CDM) program, which have already 
been approved by the Ministry of Environment and Sustainable Development as projects 
that reduce carbon dioxide emissions and that present environmental benefits to face of 
climate change (MADS, 2016). 
When reviewing the information of this type of projects, it is identified that the 
evaluation of the success or failure has depended on purely economic or energy efficiency 
indicators. In the most advanced cases the potential for greenhouse gas reduction of the 
technologies has been included, but so far evaluation none reliable methodologies have 
been incorporated or defined. Such procedures do not allow decision makers to involve 
economic, social and ecological aspects to assist the development of the region either the 
country itself. 
According to the above, the present work seeks to answer the question: How could 
bioenergy projects be evaluated towards sustainability in Colombia? 
This study consists of five chapters. Chapter one and two starts with a literature 
review of the current bioenergy context and the different methodologies for sustainability 
assessment of bioenergy projects. In chapter three, the methodology used to advance the 
construction of ICoS bioenergy in Colombia is detailed. Chapter four showed the study case 
and results of the application of the ICoS. Finally, was defined some conclusions and a 






1  Bioenergy context 
1.1 Bioenergy  
 
Different definitions are found for the term Bioenergy, but in general terms it is the 
conversion of biomass from agricultural and forestry waste, organic municipal waste and 
energy crops into useful energy carriers such as heat, electricity and power (Rincón 
Martínez, Gastón Mejía , Islas Samperio and De Esteban Lizarde , 2014).  
Similarly, it is defined as a energy generated from organic matter of plant and animal origin 
such as agricultural and forest residues, energy crops, wood, or organic wastes. Bioenergy 
is considered a low carbon form of renewable energy, as the natural process of 
photosynthesis within plants locks atmospheric CO2 into organic matter, which when 
combusted however many years later or in whatever form, releases the CO2 back into the 
atmosphere (Röder,2019) 
More specifically, and in the case of Colombian regulations, it must be understanding like 
the energy obtained from that non-conventional source of renewable energy based on the 
spontaneous or induced degradation of any type of organic matter. For that, the organic 
matter has to come from immediate as a consequence of a biological process, as well as 
the metabolic processes of heterotrophic organisms, and that does not contain or have 
been in contact with trace elements that confer some degree of danger. 
There are several ways to classify biomass, one of them is depending on the final products 
that are generated from it or according to their moisture content, were a content higher of 
60 % is considering wet biomass and a lower content as dry biomass. Based in Rincón and 
Bauen et al 2014, Figure 1-1 shows 3 main types of biomass:  i) wet organic waste, ii) dry 
organic waste and iii) energy crops, in this classification the first two categories include all 
the biomass that came from different production process not related with energy generation 





objective is to produce biofuels as bio ethanol or biodiesel. Taking into account that the 
residual biomass can come from rural or urban areas and includes urban solid waste, its 
composition is very variable and for this reason there are different types of processes for 
its transformation; for instance, biochemical process includes, anaerobic digestion, aerobic 
digestion or fermentation, while the thermochemical process includes combustion, 
gasification or pyrolysis.   
Figure 1-1 Types of sources of bioenergy and their products 
 
Source: Adapted from (Rincón Martínez, Gastón Mejía, Islas Samperio y De Esteban 
Lizarde, 2014).) (Bauen, et al., 2010). 
 
Due to the diversity in the biomass composition and type of processes, the technologies for 
conversion are in different stages of development from an early stage of research to the 
commercial stage, because of this reason, the combustion of solid biomass in uses for 
cooking or domestic heating is the predominant use, especially in developing countries 
(Bauen, et al., 2010). However, currently some technologies have been more developed in 
order to get higher efficiencies of conversion. One of the most relevant examples is the 
biochemical process of anaerobic digestion which is the technology in a commercial stage 
to produce biogas as the main gaseous biofuel with a composition of methane varying 

































With regard to the products of the different transformation processes, bioethanol and 
biodiesel constitute liquid biofuels and come mainly from energy crops, so that their 
production on a commercial scale has been increasing in recent years. In accordance with 
the above and in response to the identified needs, as part of the delimitation of this study, 
thermal energy, electric power and biogas will be considered as the products of interest. 
1.2 Bioenergy in the world 
 
The different types of biomass mentioned are available globally in relation to the climatic 
conditions of each geographical area or to the degree of development of the transformation 
technology, this in the case of urban solid waste. The World Bioenergy Association (WBA) 
points out that in Europe bioenergy predominates from urban solid waste as well as the 
production of biogas, America leads the production of liquid biofuels, while Asia has more 
than 50% of world production of bioenergy from solid biomass (Kummamuru, 2017) 
(International Renewable Energy Agency IRENA, 2018).  
Figure 1-2 Total bioenergy capacity in 10 top countries in 2017 
 
Source: (International Renewable Energy Agency IRENA, 2018) 
 
Figure 1-2 shows the 10 countries with the greatest bioenergy production capacity for 2017, 
while figure 3 shows how this bioenergy capacity is distributed according to the type of 





products obtained, taking into account that all of them are developed countries and with 
access to the same level of technologies.  
Figure 1-3 Bioenergy capacity by biomass source for the most relevant countries 
 
Source: (International Renewable Energy Agency IRENA, 2018) 
 
The countries consider in the figures 1-2 and 1-3, correspond to the 70% of the current 
world bioenergy capacity confirming the relevance of continue developing the technologies, 
policies and financing structure for the implementation of the new projects especially in 
under development countries with a high biomass availability. 
As previously mentioned, the concern about climate change has motivated efforts in the 
implementation of renewable energies, which in the specific case of bioenergy and as 
shown in figure 1-4, has had an increase of more than 40,000 MW between 2005 and 2016, 
which represents growth of more than 100%. In the same way, it is confirmed that the solid 
biomass contributes the greater amount of energy with 89,140 MW, while 15,742 MW was 








Figure 1-4 Trends in renewable energy 
 


















2 Concept of assessing sustainability 
2.1 Sustainability  
 
The differences found in the definitions of sustainability arise from the different positions 
that resulted from the appearance of the concept of Sustainable Development in the Report 
on our common future (Brundtland, 1987). The term is defined as the development that will 
"satisfy our current needs without compromising the ability of future generations to meet 
theirs (Brundtland, 1987)." This concept proposes to leave the solution to environmental 
problems in the hands of technology but does not question whether what really needs to 
be reconsidered is the management of the current economic paradigm (Gudynas, 2010). 
In the report, the word development, does not question the paradigm of economic growth 
and constant technological modernization. Sustainable Development does not recognize 
rational dynamics that tend to be closer to environmental logic, this situation led to the 
incorporation of the natural system within the economic system causing what is called the 
commodification of nature (Leff, 2002). 
The concept of sustainability is widely recognized as multidimensional, its different 
dimensions have brought to light different discourses over time and, often, have been 
treated separately. This division, generally between the environmental, the social and the 
economic, has caused a disaggregated management that does not allow to build under the 
same objective (Giovannoni, 2013). 
In some cases, this separation has limited the actual implementation of sustainability to its 
mere rhetoric. 
In response to these definitions, different approaches emerge to address the concept of 
sustainability, for Norton (1992, cited in (Naredo, 1996)), there are two notions of 
sustainability that respond to different paradigms: weak sustainability, formulated from the 





rationality of that economics of physics that is thermodynamics and that economy of nature 
that is ecology. 
On the other hand, Leff (2002) from Latin America, proposes that the strong sustainability 
explained above corresponds to the concept of “sustentabilidad” and weak sustainability 
corresponds to the concept of sustainability, this definition has been very controversial 
mainly due to the linguistic precisions derived from the translation of the word in English 
sustainability, translated into Spanish can be both 'sostenibilidad' and 'sustentabilidad'. 
(Bifani, 1999), likewise adopts the systemic and complex perspective and joins the term 
environmental sustainability, which is used to differentiate a current mainly of Latin 
American origin, an alternative to the traditional economic ideas linked to sustainable 
development. 
Thus, environmental sustainability is a concept related to a different way of dealing with the 
ecosystem crisis, beyond the economic and merely technical; that takes into account the 
complex relationships in nature and society and where the ethical and normative acquires 
importance (Riechmann, 1995). 
Energy sustainability 
The definition of energy sustainability is mainly based on three dimensions: i) energy 
availability, ii) social equity and iii) mitigation of environmental impact. Constitute an 
approach that involves public and private actors, governments and regulatory entities, in 
search of a common environmental objective, (World Energy Council, 2011). 
The mitigation of environmental impact concern is evidenced by the increasing 
incorporation of energy sustainability indicators in decision-making processes in both the 
public and private sectors, these indicators seek among other things the reduction of energy 
and material flows, thereby contributing to the conservation of natural resources. 
Environmental economics and Ecological economics 
Parallel to the definitions and differentiation between strong sustainability and weak 
sustainability, two study areas emerge that seek to answer and support the questions raised 
about sustainability. On the one hand, environmental economy arises, also called the 
economy of natural resources, which is an emerging discipline of neoclassical economics, 





environmental standards, tradable permits of contamination, among others) (Fürst 
Weigand, 2008, Pengue, 2009). 
The Ecological Economy (EE) corresponds to a field of studies that seeks to be inter / 
transdisciplinary, deals with the relations between the biosphere system and the economic 
subsystem in a broad sense, where the valuation of economic processes goes beyond the 
value understood as a price, to include in the analysis the biophysical assessment of the 
environmental impacts of the human economy, focusing its attention on sustainability 
(Martinez-Alier, 2001). 
Although both ecological economics and environmental economics promote environmental 
sustainability, the incorporation of the knowledge generated by these disciplines in the 
decision-making processes has been different, greater recognition and acceptance on the 
part of society are evidenced, especially by the international banking and multinational 
conservation of proposals from environmental economics (Fürst Weigand, 2008, Pengue, 
2009). 
This difference in the acceptance of the knowledge generated is mainly due to the way in 
which the analysis of the environment is included in each of these economies since it 
responds to different rationalities. Table 2-1 outlined the main differences between these 
two disciplines.  
It is a strong difference between these two branches of knowledge, is of interest for this 
work mainly the approach from the world view, the time scale, macro and micro objectives 
and valuation methods. 
Table 2-1 Environmental economics and Ecological economics 
Approach Environmental economics Ecological economics 
Vision of the world 
Mechanical, static and 
atomistic 
Dynamics, systematics and 
evolutionist 
Time scale Short term 
Multiple scale from days to 
eons 
Spatial scale 
From the local to the 
international  
From the local to the global 
Basic objective at the 
macro level 
Economy growing  







Table 2 1 Environmental economics and Ecological economics (Continuation) 
Approach Environmental economics Ecological economics 
Basic objective at the 
micro level 
Conservation of species and 
/ or ecosystems 
Environmental sustainability 
(economic + ecological) 
Position to economic 
growth 
It is ideal 
It is proposed the decrease 
of the economy or a steady 
state of it 
Position to technology Very optimistic 
Prudent. Principle of 
precaution. 
Evaluation methods 
Monocriterials, based on 
money. 




biofuels, without taking into 
account their impacts. 
Age post oil. Look for the 
global reduction of energy 
consumption.  
Source: (Pengue, 2009). 
 
In the development of this project, we seek to find the common points between ecological 
economics and environmental economics to build an indicator of sustainability that allows 
the evaluation of bioenergy projects in Colombia. 
2.2 Sustainability Assessment 
 
In accordance with the academic interest in developing technologies for the use of biomass 
and identifying the potential of bioenergy projects in the world, studies have been carried 
out and methodologies have been created to evaluate sustainability, which includes 
economic, ecological and social aspects of this type of projects. Among the methodologies 
and frameworks developed, the following are defined as of interest for this study: 
 
- Global Bioenergy Partnership (GBEP) is actively working to promote bioenergy as 
an alternative that allows sustainable development, mitigation of climate change 
and food and energy security in the territories. That is why, in the last 5 years has 
worked on the definition of twenty-four sustainability indicators that allow evaluating 
bioenergy projects, the development of these indicators was made under the 
understanding of three pillars: Environment, social and economic. (Global 
Bioenergy Partnership GBEP, 2011)., even though this set of indicators defined an 





to carry out a holistic integration of the variables defined in the three pillars initially 
proposed, this with the intention of achieve an approach to the measurement of 
sustainability. 
- Hayashi 2014 developed a tool to evaluate the sustainability of bioenergy based on 
the indicators proposed by the GBEP, the results of this tool show the importance 
of taking a position from the strong sustainability to define the correlation between 
the different indicators analyzed, the main contributions of this work is the inclusion 
of composite indicators such as life cycle assessment  and the effects on people's 
health in the evaluation processes of this type of projects (Hayashi, van Ierland, and  
Zhu, 2014)) 
- Helmholtz Association developed under the leadership of the Institute for 
Technology Assessment and Systems Analysis (ITAS), Karlsruhe/ Germany the 
Integrative Sustainability Concept (ICoS), which have been implemented for the 
evaluation of energy projects at different scales, in the case of the evaluation of the 
transition of the German energy model to energy sustainable, the application of the 
ICOs model allowed to identify the strengths and weaknesses of the current energy 
model and defined the interrelation between the social, ecological and economic 
aspects that should be taken into account when selecting an energy transition 
scenario for Germany (Rösch, Bräutigam, Kopfmüller, Stelzer, and Lichtner, 2017). 
A review of the different studies that have applied the ICoS concepts, it is identified that 
one of the main potentials of this framework is that it contrasts the conventional approach 
of sustainability which typically characterizes a sustainable future along the three 
dimensions of economy, environment and society, and proposes an evaluation process that 
integrates the three dimensions in the consolidation of global goals. ICoS gathers a bridge 
between the different theoretical concepts with the initiatives in sustainable development 
that currently mark the world agenda. (e.g Brundtland report, Sustainable Development 
Golds and Agenda 21), and one of the more important point for the specific case in a 
development country as Colombia, is that it does not neglect the potential of the capability 
approach. 
ICoS has been used to assess different technological alternatives (Grunwald, 2012) to 
evaluated specific energy projects (Rösch, , Skarka, , Raab, , and Stelzer, , 2009) to define 





like Chile (Stelzer, V. et al., 2014) and designing a framework for municipal solid waste 
management (Fuss, Barros, and Poganietz, 2018). 
It is this last work which defines the relevance of implementing the ICoS concept in the 
sustainability evaluation of the energy generation project from waste in Colombia, since we 
defined a methodological framework to comprehensively address waste management, 
validates the coherence and applicability of the integrated concept of sustainability in a 
Latin American context and invites us to include energy solutions for waste management 
in landfills. 
It is defined to use the methodology of sustainability evaluation proposed in the Belo 
Horizonte case study,  because it, addresses the problem of waste management in three 
levels of integration: the first recognizes the complex interrelationship between the three 
dimensions by  using the Integrative Concept of Sustainability, the second one sees an 
integration of a problem- based learning process to certify the empirical evidence (top 
down) with a normative approach to the deductive definition of sustainability model (bottom-
up) augmented in ICoS, the third level of integration relates to the necessity to involve all 
relevant stakeholders and decision makers in the process of building an adequate strategy 
to achieve a sustainable a municipal solid waste management. management (Fuss, Barros, 
and Poganietz, 2018). 
2.3 Integrative Concept of Sustainability (ICoS) 
 
Achieving sustainable development is becoming ever more important, the term 
“sustainability”, first used in forestry, at the time alluded to the idea that the annual rate of 
wood harvested should not exceed the rate of its regeneration. Hence, sustainability initially 
means carefully managing the available resources to ensure a good life both today and in 
the future (Seebacher, Albiez, Parodi, Quint, Zimmer, and Walter, 2014). 
In order to achieve this, the Helmholtz Association’s Integrative Concept of Sustainable 
Development1 has been developed under the leadership of the Institute for Technology 
Assessment and Systems Analysis (ITAS), Karlsruhe/ Germany. This scientific and ethical 
concept is based on the deliberations and resolutions of the United Nations going back to 
                                                 





the 1980s. It takes into account the needs of both present and future generations and 
combines thinking on a global scale with actions at a local level. Its main objectives are to 
ensure human existence, to make sure fundamental needs are met, to protect people’s and 
societies’ scope for development and freedom of action. Yet, finally, each society must 
decide for itself how it wishes to shape sustainable development. 
ICoS defines a conceptual framework for evaluating the sustainability performance of any 
project. Although it does not define methodological steps for its application, this concept 
presents some golds and rules that should be followed in its application and invites to 
develop a methodology for the application in a specific context. 
Fifteen rules of this concept are outlined on the following pages. These rules make 
sustainability tangible and help implement the objectives mentioned above. It is possible to 
determine whether a particular measure does or does not make a contribution towards 
sustainable development by assessing whether, to what extent and how these rules are 
met. To facilitate the application of these rules, they are underpinned with specific criteria 
and indicators, which are not presented in this overview. 
Given that the definitions and explanation of the are published in German, ITAS has 
published a summary for the scientific application (Seebacher, Albiez, Parodi, Quint, 
Zimmer, and Walter, 2014) with the definitions and understanding of each rule.  
The integrated concept of sustainability is based on a global interest, but its application 
must be carried out according to the territorial context of each project to be evaluated. For 
that reason, below it is presented in detail the general understanding of each ICOS rule 
according to (Seebacher, Albiez, Parodi, Quint, Zimmer, and Walter, 2014) and in parallel 
is show what is the understanding that will be used in this work. See table 2-2. 
Table 2-2 Different understandings of ICoS 
Sustainability rules 
Definition (Seebacher, Albiez, Parodi, 
Quint, Zimmer, and Walter, 2014) 
Understanding for  this work 
Goal 1: Securing human existence 
Protection of human health 
Nobody may damage the environment 
through substance or other influences 
to an extent that will or may harm 
humans. 
The effects on the environment that 
compromise human health must be minimized. 
In cases of not knowing the effects that an 
action or a substance may cause on human 
health, the precaution principle must prevail. 
Ensuring that basic needs are 
met 
A minimum level of basic services as 
well as protection against key life risks 
must be guaranteed for all members of 
society. 
The reduction of the population with unsatisfied 
basic needs is a priority, access to water, 






Table 2 2 Different understandings of ICoS (Continuation) 
Sustainability rules 
Definition (Seebacher, Albiez, Parodi, 
Quint, Zimmer, and Walter, 2014) 
Understanding for  this work 
Goal 1: Securing human existence 
Enabling all people to secure 
their own livelihood 
 All must be able to secure their 
livelihood through their own work 
undertaken voluntarily, including child 
care, caring for dependents, community 
work.  
Everyone must be able to secure their 
livelihood through their own work, without 
violence or coercion 
Offering equal opportunities 
of using the 
environment for everybody 
All humans living today and in the 
future have a right to use nature for 
themselves. Resources shall be 
distributed fairly. Nobody may be 
excluded from their use. 
All humans living today and in the future have a 
right to use, enjoy and preserve nature for 
themselves. Resources shall be managed 
fairly. Nobody may be excluded from their use. 
Reducing excessive income 
or wealth inequalities 
Extreme differences in income and 
wealth distribution need to be reduced. 
The income and wealth generated must be 
distributed fairly. 
Goal 2: Maintaining society`s productive potential 
Using renewable material and 
energy resources 
sustainably 
Mankind shall not use more from nature 
than nature is able to provide or restore 
of its own accord. Every important 
ecosystem must have the chance to 
survive. 
The economic development must be under 
ecosystem cycle view, mankind shall not use 
more from nature than nature is able to provide 
or restore of its own accord. Every important 
ecosystem must be protected. 
Using the environment 
without damaging its 
absorption capacity for 
harmful immissions 
Mankind may not release more harmful 
residues and radiation into the 
environment than it is able to absorb. 
The productive processes must be designed 
under the concepts of absorption capacity and 
the natural cycles of ecosystems 
Avoiding unacceptable 
technical risks 
Technical processes with potentially 
disastrous consequences for mankind 
and the environment must be avoided. 
Technical processes with potential disastrous 
consequences for mankind and the 
environment must be avoided. 
Developing property as well 
as skills and 
knowledge sustainably 
We must leave our descendants an 
inheritance made up not only of goods 
but also of suitable skills, 
competencies, knowledge, and know-
how. 
The preservation of ancestral knowledge, the 
generation of new knowledge and the 
development of new skills allow the reduction 
of inequality in a society. 
Goal 3: Preserving society's options for development and action 
Providing equal opportunities 
in education, 
employment, public office, 
and information 
All members of a society must enjoy 
equal opportunities when it comes to 
access to education, information, 
employment, social standing, and 
political office. 
Access to quality education must be 
guaranteed. All members of a society must 
enjoy equal opportunities when it comes to 
access to education, information, employment, 
social standing, and political office. 
Enabling participation in 
social decision-making 
processes 
It is important to take into consideration 
that all members of a society must be 
empowered to take part in decision-
making processes of societal relevance  
Citizen participation must be guaranteed in the 
political and territorial decisions that affect 
them. An educated and empowered society 
helps to a sustainable development 
Sustainability rules 
Definition (Seebacher, Albiez, Parodi, 
Quint, Zimmer, and Walter, 2014) 
Understanding for  this work 
Preserving cultural heritage 
and cultural diversity 
The cultural heritage of mankind and its 
cultural diversity must be preserved. 
Ethnic and cultural diversity must be preserved, 
valued and appropriate. The culture of a 
country reflects its history, customs, conflicts, 
and struggles. Sustainable development is a 
process of cultural change: It does not impact 
cultures from the outside but must be in a 
social context 
Conserving nature and 
landscape as cultural assets 
Especially unique landscapes which 
have either been created by man or left 
untouched must be conserved. 
The ecosystem-society relationship must be 
respected, the development of knowledge 
about biodiversity and the conservation of 






Table 2 2 Different understandings of ICoS (Continuation) 
Sustainability rules 
Definition (Seebacher, Albiez, Parodi, 
Quint, Zimmer, and Walter, 2014) 
Understanding for  this work 
Goal 3: Preserving society's options for development and action 
Maintaining social cohesion 
A society thrives if its members stand 
together, if nobody is excluded and if a 
common development may take place 
Collective empowerment, social participation 
and the creation of networks allow to work for 
common objectives. 
Source: own construction based on (Seebacher, Albiez, Parodi, Quint, Zimmer, and 
Walter, 2014) 
 
As evidenced in the previous table, the interpretation of the fifteen ICoS rules in the 
Colombian context varies from the German context; this is mainly understood by the 





3 Research design, data and methodology 
The Integrated Concept of Sustainability has been used to evaluate different projects in 
different contexts, it has been used to assess different technological alternatives 
(Grunwald, 2012), to evaluated specific energy projects in Germany (Rösch, , Skarka,  
Raab, and Stelzer, 2009), to define the framework of sustainability assessment for 
prospective scenarios in different countries like Chile (Stelzer, V. et al., 2014) and designing 
a framework for municipal solid waste management in Brasil (Fuss, Barros, and Poganietz, 
2018), once the review of each of the works is done, it can be identified that although there 
is not a methodology for its application ICoS define an evaluation framework and allows the 
creation of a methodology for a particular project or case study. 
 
In the two most recent papers, (Stelzer, V. et al., 2014) and (Fuss, Barros, and Poganietz, 
2018), the definition of evaluation criteria is presented as an alternative for application to a 
regional context. This definition of criteria is used to determine directly which are the 
relevant issues for decision makers in the country or region to be evaluated. 
 
Is for that, in the present study it proposes a methodological model that allows starting from 
the initial concept of ICoS, align it to a local context by defining criteria that are relevant to 
the study region and indicators that describe the relationship between the ICoS rules and 
the defined criteria and, finally, allows coupling this evaluation scheme to a specific case 









Figure 3-1 Methodological design 
 






As evidenced in the previous scheme, the methodology proposes to start the study with a 
global and specific understanding of the defined research topic, in this case, the bioenergy 
projects in Colombia (Chapter 1), then to carry out the construction of the ICoS in three 
stages: selection of assessment criteria, construction of the ICoS Colombia and apply the 
ICoS in a specific case study. The following describes the steps to address each of these 
stages. 
3.1 Selection of assessment criteria 
 
Taking into account that the three objectives and the fifteen rules of  ICoS define a general 
framework of what should be in any project that seeks sustainability, in order to initiate an 
evaluation process, the evaluation criteria should be defined according to the type of project 
and with the particularities of the social context where it will be developed, is for this reason, 
that the first step that  must be carry out in this study is to identify which are the evaluation 
criteria for a bioenergy project in the Colombian context. 
3.1.1 Identification of criteria 
In order to identify and define criteria for the evaluation of the sustainability of bioenergy 
projects, a review of 30 documents was carried out, including academic publications in 
international journals, doctoral or master theses, Colombian public policy, national or 
international sustainability initiatives and success case in Brazil and Germany.   
This review defines the number of documents in which each criterion has been taken into 
account, this is done in order to identify which are the most common criteria in the 
bibliography related to the evaluation of sustainability of bioenergy projects. 
Through a review of these documents (see Annex B), it was found that the climate change 
criterion is the most used since it appears in 29 of the 30 documents, then follow the criteria 
economic development and energy market with 16 appearances and energy performance 







Figure 3-2 Number of appearances 
 
Source: own construction 
The criteria that fewer appearances have in this review are Acceptability and Energy 





Through semi-structured interviews with experts on sustainability, bioenergy and /or project 
evaluation, the process of evaluating and prioritizing the selected criteria was carried out 
(Bryman, 2016). 
 
For this stage, twelve experts belonging to different sectors were selected: three 
representatives of the academy, three representatives of the private sector, two 
representatives of the public sector and four international experts (3 from Germany and 1 
from Italy). See annex C. 
The interview was conducted in three stages:  
1. The context: the sustainability framework with which the present study is addresses 













2. Relevance evaluation: In this stage they had to evaluate whether these criteria are 
relevant or not relevant to evaluate the sustainability of bioenergy projects in Colombia.  
3. Prioritization: The expert had to prioritize only the relevant criteria, prioritize between 1 
until N (N: number of criteria that the expert define that are relevant), the number 1 
being the most relevant and N the least relevant, explain the reasons for such 
prioritization, and finally ask if there are any additional criteria that should be included. 
At the end of the interviews with each of the experts, the information collected was analyzed 
both quantitatively and qualitatively, in order to build the matrix of criteria to be taken into 
account in sustainability assessment process. 
 
Selection of criteria 
To define the score obtained by each of the relevant criteria, the following equation was 
defined: Score: 1 / N, where N is the number chosen in the prioritization scale. 
In the case where the survey was defined for the 20 criteria, the criterion assessed with 
priority 1 was the one that obtained the highest possible score (1) and the criterion 
assessed with priority 20 obtained the lowest possible score (1/20), the criteria defined as 
not relevant, they did not receive a score. 
 
With these results, the sum of the score obtained in all the interviews for each one of the 
criteria is made, and by means of statistical analysis, the priority criteria are defined. 
Finally, taking into account the observations received by the experts during the interviews, 
the description of each of the prioritized criteria is made in order to understand what the 
approach of this criterion should be in the evaluation of sustainability of bioenergy projects 
in Colombia 
The result of the process of relevance evaluation shows unanimity in the order of the 
criteria: Energy performance, Waste management, Acceptability and Social development, 
in addition to showing that the criterion that was more often evaluated as not relevant was 
Energy equity. See annex C 
When defining the score obtained by each of the criteria, it was found that the criteria with 





management and those with the lowest priority were biodiversity and innovation. See table 
3-1 
Table 3-1. Expert evaluation 
Criteria Total 
Energy performance 4.0 
Waste management 3.9 
Climate change 3.1 
Economic development 2.8 
Energy security 2.3 
Water 2.0 
Energy market 2.0 
Communities 1.9 
Labor conditions 1.8 
Social development 1.8 
Energy equity 1.7 
Land use change 1.3 
Acceptability 1.3 
Air quality 1.3 
Environmental impact 1.2 
Soil quality 1.2 
Supply chain 1.2 
Institutionality 1.2 
Innovation 0.9 
Biodiversity   0.9 
 
Taking into account the difficulty to obtain and manage information of 20 criteria, it is defined 
to include only 60% of the universe of prioritized criteria. Additionally it is identified that the 
last 3 criteria are immersed in some of the first. For that It was defined to select the criteria 
with a score ≥1.5, since these were the ones that had the greatest significance for the 
experts evaluated. Thus, the prioritized criteria for evaluating the energy sustainability of 
bioenergy projects in Colombia were: Energy performance, waste management, climate 
change, economic development, energy security, water, energy market, communities, 






Description of selected criteria 
Taking into account the definitions found in the literature review and the discussions with 
the group of experts in bioenergy in the Colombian context, a definition of the prioritized 
criteria was made. 
● Energy performance: Ability to generate energy efficiently (Ability to use the 
available energy from a source) and affordably. 
● Waste management: Energetic use of waste allowing the reduction of pressure on 
landfills. 
● Climate change: Energy solutions resilient to climate change 
● Economic development: Generation and distribution of economic benefits for 
society 
● Energy security: Reliability and availability of energy supply for all of the population. 
● Water: Water management during the project life cycle (embedded water and 
discharges) 
● Energy market: Diversification of the energy matrix through competitive and low 
carbon technologies 
● Communities: Trust and acceptance by the communities. 
● Labor conditions: Generation of fair, safe and well-paid employment 
● Social development: Improvement in quality life conditions. 
● Energy equity: Opportunity for development through energy access for the entire 
population 
Comparing the results of the bibliographic review with the interviews made to the group of 
experts, a difference is identified between the evaluation criteria used in bioenergy projects, 
this is mainly due to the use of general evaluative processes without understanding the 
context of the country or region. 
Although the climate change criterion is the most recurrent in the documents analyzed and 
its assessment approach is mainly on carbon dioxide emissions that can generate or avoid 
bioenergy projects, experts agree that for the Colombian case it is important to evaluate 
how these projects contribute to the resilience of the effects of climate change since the 
country's energy matrix is not intensive in emissions but it is highly vulnerable to alterations 





Energy equity is one of the least studied criteria in the literature and from which experts 
have less information, although it is considered relevant by some experts all conclude in 
the difficulty to measure and monitor the performance of this criterion. 
3.2 Building the bioenergy framework for Colombia 
 
In this stage of the process, the general rules established by ICoS and the evaluation 
criteria defined by the stakeholders for bioenergy projects in Colombia has been defined.   
The next step, for building the bioenergy framework for Colombia, is define which criteria 
will be used to evaluate the compliance of each ICoS rule, and then define an indicator to 
measure the variation in the different scenarios of the project. 
 
This step is necessary to limit the evaluation process and to achieve greater precision in 
the context of the project. 
 
Pre selection of indicators 
A bibliographic review was carried out to identify relevant indicators for each of the selected 
criteria. For this process, 50 journal articles were taken into account and at least 4 indicators 
were defined for each criterion. 
ICoS framework 
To develop the ICoS, an iterative process was carried out between the review of a database 
that contains about 100 indicators used in the literature to evaluate project sustainability, 
the pre-selection of the relevant indicators for the case of bioenergy in Colombia and the 
alignment between the rules described by ICoS, the criteria selected by the experts and the 
relevant indicators. This process focused on including indicators that, through their 
variation, allow us to describe the relationship between the rule and the criterion for the 
case of bioenergy projects in Colombia. For some cases, it was not possible to find in the 









A group of experts in the interpretation and application of the Integrated Concept of 
Sustainability was formed  and through technical working sessions, in which the context of 
sustainability in the Colombian case was initially presented, was explain the methodology 
of construction and the results obtained in a preliminary way in ICoS Colombia, in this 
exercise analyzed each of the rules, criteria and indicators and validated whether this 
construction complied with the premises and definitions established by the evaluation 
scheme and if they were really applicable to the Colombian case. 
In the case of identifying that some of the indicators do not completely satisfy the ICoS rules 
proposal, from the group of experts the premises were defined to start the search again 
and return to the first step of this stage. 
Given that some indicators did not meet precisely in order to demonstrate the relationship 
between the ICoS rule and the criterion, or were not consistent with the context of bioenergy 
generation in Colombia, it was necessary to identify new indicators and again subject them 
to valuation, this process It was carried out in an iterative way until reaching an agreement 
to have the ICoS Colombia. 
See the result in Table 3-1: 
Table 3-2 ICoS for bioenergy project in Colombia 
Sustainability rules Criteria Indicators Units 
Securing human existence 




Reduction of the 
GHG emissions  
CO2 eq avoided 
Ensuring that basic 
needs are met 
Social 
development 
Coverage of basic 
energy needs 
Number of houses 
supplied with the 
project / Number of 
houses without 
supplied in the 
community 
Enabling all people to 






description (number of 
businesses created 
around the project and 









Table 3 2 ICoS for bioenergy project in Colombia (Continuation) 
Sustainability rules Criteria Indicators Units 
Securing human existence 
Offering equal 




Energy equity Access to bioenergy 





Bioenergy prices $ kWh of bioenergy 
Reducing excessive 




Economic benefits to 
the community 
taxes paid 
Maintaining society’s productive potential 
Using renewable 

























Using the environment 
without damaging its 
absorption capacity for 
harmful emissions 
Water Water footprint  m3 
Climate 
change 
GWP CO2 eq/Ton MSW 
Waste 
management 
Waste energy use 
Total waste used for 






Reliability of energy SAIDI y SAIFI 
Developing property as 





(building and use of 
local labor and skills) 
hours of training per 
year/ employees 










# new direct local 
employees/ # new 
employees 





(acceptance of the 
business by the 
producer, consumer 






Table 3 2 ICoS for bioenergy project in Colombia (Continuation) 
Sustainability rules Criteria Indicators Units 
Preserving society's options for development and action 
Preserving cultural 




Conserving nature and 
landscape as cultural 
assets 
Visual effects of the 
relative height of 
buildings, chimney 









# networks generated  
 
3.3 Selection case study 
 
In Colombia there is no an inventory of bioenergy projects, which is why access to 
information on the benefits or difficulties that this type of project entails is limited, taking into 
account this problem was defined that to identify the project to be evaluated with the ICoS 
methodology should limit the study to the region with the greatest potential for using 
biomass for energy generation (Unidad de Planeación Minero Energética UPME, 
Universidad Industrial de Santander UIS and Instituto de hidrología, meteorología 
y estudios ambientales IDEAM. (2011)) and investigate the bioenergy initiatives 
developed there. Additionally, a search was carried out on the bioenergy projects included 
in the list of CDMs (Clean Development Mechanisms) approved and monitored by the 
Ministry of the Environment (Ministerio de ambiente y desarrollo sostenible de 
Colombia MINAMBIENTE, 2017), by crossing this information it was identified that the 
department of Colombia with the highest bioenergy potential is the Valle del Cauca and that 
this department is an CDMs project in the sanitary landfill of the municipality of Yotoco. 
With this information, the application of the ICoS Colombia in the Colomba-El Guabal landfill 






4 Results case of study 
This chapter presents the results of applying the integrated concept of sustainability 
through the methodology designed in the selected study case, In the first part, a 
context on bioenergy projects in Colombia is presented, then the process of 
generating bioenergy in sanitary landfills is explained.  
Then the municipality of Yotoco is introduced and the particularities of its sanitary 
landfill are explained. 
 
Finally, the Integrated Concept of Sustainability is applied to the Guabal-Yotoco 
landfill under the evaluation of three possible scenarios of operation. 
4.1 Bioenergy context in Colombia 
 
Colombia, although its electrical energy matrix predominates from water sources and does 
not depend directly on fossil fuels, it has generated incentives for the incorporation of 
renewable energies that promote an efficient use of natural resources (DNP, 2015) and 
allows the growth of an energy model that respects the climate and low carbon (Ministerio 
de ambiente y desarrollo sostenible Minambiente, 2016). 
The mention incentives and the high potential of bioenergy available in the country (Unidad 
de Planeación Minero Energética UPME, Banco Interamericano de Desarrollo BID and 
Fondo para el Medio Ambiente Mundial FMAM., 2015) has opened a new market for 
projects of energy use of residual biomass which has grown at a rate of 19% per year 
reaching 296 MW installed in 2017, of which 291 MW correspond to processes of utilization 
of solid biomass and 4 MW to the use of biogas. For the year 2018, an increase of 92.2 





has been generated in order to evaluate the environmental impacts and to identify social 
contributions of this type of projects, but it lacks a holistic evaluation that includes all the 
relevant criteria that allow stablishing the sustainability of the bioenergy production in 
Colombia. 
In Colombia as in other developing countries, bioenergy has been focused mainly on the 
use of solid biomass for thermal energy production, as can be seen in Figure 4-1, where 
can be seen that the potential in biogas production has only begun to develop in recent 
years. 
Figure 4-1 Bioenergy in Colombia 
 
Source: (Cámara de comercio de Cali, 2018) 
 
Considering the geographical location, the country has privileged climatic conditions for 
agricultural development, where in turn residual biomass is generated with a high energy 
potential that contributes to the diversification of the energy matrix (Unidad de Planeación 
Minero Energética UPME, Banco Interamericano de Desarrollo BID and Fondo para el 
Medio Ambiente Mundial FMAM., 2015). (). 
4.2 Bioenergy in Landfill 
 
Solid waste disposal sites are used to treat or dispose of solid wastes and include landfills, 























the waste material at solid waste disposal sites can undergo biological transformation to 
produce CO2 under aerobic conditions and a mixture of CH4 and CO2 in anaerobic 
conditions. 
After being placed in a landfill, waste is initially decomposed by aerobic bacteria. Once that 
process depletes the available oxygen, anaerobic bacteria begin to consume the remaining 
waste, breaking the organic matter down into substances such as cellulose, amino acids, 
and sugars. Through fermentation, these substances are further broken down into gases 
and short-chain organic compounds that form the substrates for the growth of 
methanogenic bacteria. These CH4-producing anaerobic bacteria convert the fermentation 
products into stabilized organic materials and biogas. Typical biogas contains primarily CH4 
and CO2. As the biogas rises to the surface of the landfill, some oxidation of CH4 (to CO2) 
occurs near the soil surface, where aerobic degraders persist. In landfills with active gas 
collection systems, the biogas is collected (prior to reaching this aerobic soil layer), along 
with some infiltration air (nitrogen and oxygen) (U.S. Environmental Protection Agency, 
2010 ). 
Landfill Gas (LFG) capture represents as an essential component to partially mitigate 
negative climate impacts from the operation of sanitary landfills (SLF), is why collection and 
combustion of it dramatically reduce global warming impacts and toxicity. LFG contains a 
lot of methane and methane is a very powerful heat-trapping gas. The combustion of LFG 
converts the methane to carbon dioxide, which while still a heat-trapping gas, is dramatically 
less powerful. 
Using LFG to generate electricity further reduces the greenhouse gas impacts and also 
reduces emissions of nitrogen oxides, sulphur dioxide and mercury. By displacing demand 
for electricity from traditional power plants, LFGE projects further reduce these important 
pollutants. However, when LFG is already being flared, the emission reductions are 
substantially less. Furthermore, much depends on exactly what type of power plant is being 
displaced. If new natural-gas power plants or renewables are being displaced, then LFG 
may be better off simply flared. 
Various LFG capturing technologies are available and can be added to operating or closed 
SLF. All collect LFG from waste while at the same time avoiding the intrusion of water and 





the LFG. These pipes can be installed either vertically or horizontally. The gas enters the 
perforated pipes and is transferred to a gas purification system to remove hydrogen sulfide 
in particular. After cleaning, the gas can be used (see Figure 4-2).  (Hinchliffe, Frommann, 
and Gunsilius, 2017)). 
Figure 4-2 Model of energy use in a landfill 
 
Source: Hinchliffe, Frommann, and Gunsilius, 2017 
 
As a co- product, energy can be generated by waste treatment facilities. If this electricity is 
sold to the grid, it is considered to contribute to avoid the emission of GHG that would have 
occurred if an equivalent amount of electricity had to be produced by power plants 
connected to the grid.  Materials sorted and recycled can be reprocessed and sold on the 
market as secondary materials (Enterprises pour l’environnement, 2013). 
Certain waste treatment activities generate energy (electricity & heat) as a by-product and/  
or contribute to the re-use  of materials or fuels.  Energy and material recovery can 
contribute to avoid GHG emissions compared to a baseline scenario. 
4.3 Yotoco 
 
Yotoco is a municipality of “Valle del Cauca” (Colombia), located in the center subregion. 
Is far from Cali to 58 km, the territory of Yotoco, is divided into two zones: a flat belonging 
to the valley of the Cauca River and another mountainous to the west, which is part of the 
eastern slope of the western mountain range, thus dividing the mountainous relief slightly 
wavy and sloping average, of the site where the municipal seat is located (soft relief, with 





temperature between 17ºC a 24ºC.  Immersed in the Cauca river basin, it has important 
micro-basins such as Mediacanoa, Piedras, Volcán, Yotoco and other minor streams. 
According to the data provided by the National Administrative Department of Statistics 
(DANE) and the National Planning Department (DNP) the municipality of Yotoco has an 
area of 390 km2 and a population density of 41.71 inhabitants per km2. It is estimated a 
population of 16,267 inhabitants in 2018, of which 8,300 (51%) are located in urban areas 
and the remainder in rural areas (Alcaldía Municipal de Yotoco en Valle del cauca, 2016). 
At present, the municipality makes the final disposal of its waste in the regional sanitary 
landfill of Colomba El Guabal, located within the jurisdiction of the municipality, an average 
of 116 t / month of solid waste is discharged. The 99% of the users of the solid waste 
collection service of the municipality of Yotoco are of a residential type, with which the 
typical characteristics of the waste correspond to the domestic type. In some population 
centers, such as San Juan, Miravalle, Las Delicias and others, there is no solid waste 
collection. Although the Territorial Ordinance Scheme defined some sites for the municipal 
waste dump, these have not been adequate with respect to that established in resolution 
0541 of 1995 and the debris is indiscriminately disposed on some sectors of the Yotoco 
River and the Cauca River. 
4.4 Landfill Guabal- Yotoco 
 
The Colomba-El Guabal regional sanitary landfill is located in the municipality of Yotoco in 
the department of Valle del Cauca, see figure 4-9 and 4-10, and it receives the domestic 
solid waste, hospital inactivated, industrial and non-hazardous institutional waste coming 
from about 2 million 500 thousand people from 16 municipalities (including Cali), receiving 
daily approximately 2000 tons (Ayala Gómez, 2015). During the useful life of the project 









Figure 4-3 Valle del Cauca location 
 
Source:(Green Gas Yotoco, 2015) 
 
Figure 4-4 Project location 
 
Source:(Green gas Yotoco, 2015) 
The average compaction density of the waste in 2014 was 1.11 ton / m3. (Green gas Yotoco, 
2015) 
Interaseo del Valle S.A. E.S.P. (“Interaseo”) is the owner and operator of the site. This 
landfill started operations on June 25th, 2008 and it is expected to have an operational life 
of 31 years. The Municipal Company EMSIRVA collects the waste and takes it to a “transfer 





received a concession from the Municipality for the operation of the Landfill for a total period 
of 20 years starting from June 2008. 
Taking into account that the city that contributes the most to this sanitary landfill is Cali, and 
that in the last few years there has not been a characterization exercise that considers all 
municipal solid waste (including other types of waste: commercial, institutional and 
industrial among others) as they reach the site of final disposal, it is taken as values of the 
physicochemical composition of municipal solid waste the results of the last 
characterization of residential solid waste with statistical validity made in the 2006.  
Figure 4-5 Characterization of residential solid waste developed by the Administrative 
Department of Municipal Planning in 2006 
 
Source: (Ayala Gómez, 2015) 
 
As seen in the figure 4-, more than 70% of the material that the Yotoco landfill receives is 
an organic waste, and these material through aerobic degradation are the main causes of 
gas emissions, mainly methane, causing different environmental problems such as 
warming global, risk to explosion or generation of offensive odors. 
For that reason, Interaseo, as being the owner of the LFG, opened in October 2009 a public 
tender for the development of a Clean Development Mechanism (CDM) project in the 





















to develop a CDM project with 3 crediting periods. The agreement between Green Gas 
Yotoco S.A.S. and Interaseo was signed on June 25th 2010. 
The initial design of the project activity was divided into 2 main phases, only flaring has 
considered as phase 1 and electricity generation including flaring as phase 2; the high 
efficiency flares would be kept on site to be operative in occasions where the installed 
generator of electricity (“gensets”) will be work. Phase 2 was estimated to start only a year 
after phase 1 in order to determine the quality and quantity of the gas. It was defined that If 
during the first year of operation the quality and quantity of the landfill gas would not satisfy 
the requirements for operating a power plant, the start date of electricity generation would 
be postponed until the conditions (gas quality and quantity) fulfill the requirements of the 
gensets. 
With this plan, it was expected to obtain an estimated GHG emission reduction: 236,179 
tCO2eq / year. Furthermore, during total project lifetime, 21 years, Green Gas planned to 
implement an installed capacity of energy generation until reaching approximately 11 MW. 
The project was in operation from September 2012 to June 2015 and during this period it 
was possible to install the controlled methane extraction system, the gas conduction pipes 
and the burners to carry out controlled combustion of methane, but it was not possible to 
implement phase two, generation of electrical energy, mainly due to economic and 
regulatory limitations. 
These same limitations were the determining factors for the company Green Gas decided 
to close the project in 2015 since with the fall of the price of carbon credits in 2013, the 
income received by the CDM was not enough to maintain the operation of the methane 
burning system. 
Although through the monitoring and quantification carried out by the company a positive 
environmental impact was determined related to the reduction of GHG, the closure decision 
was taken only under economic criteria. 
Taking into account the tax incentives designed in recent years by the Colombian 
government for the production and sale of renewable energy low carbon and climate 
resilient, several companies have expressed interest in resuming and completing the power 





4.5 Integrative Concept of Sustainability of Yotoco 
Landfill 
 
Limit of the system 
In order to carry out the sustainability assessment of the Yotoco project, it is necessary to 
delimit the scope of this study due to the positive and negative impacts of the operation of 
the landfill transcend the geographical boundaries and have consequences for both the 
municipality and the surrounding cities. 
Figure 4-5 outlines the limits of the object of study and the relationships that will be studied 
with the different interest groups. 
Figure 4-6 Study system 
 
Source: own construction 
 
The diagram allows us to identify that the system studied in the present work is the one 
created by the relationship between the landfill and the municipality of Yotoco, that is why 
the variables such as job creation, energy generation, taxes paid and generation of 
knowledge they will be evaluated only under the relationship of these two actors. It is clear 



























generators of most of the waste treated in this, in the present study they will be taken into 
account only as stakeholders of the process. 
Understanding the complexity of the flows of natural resources and knowing that it is not 
possible to spatially delimit the impacts caused by water consumption or the generation of 
greenhouse gas emissions, these two variables will be evaluated understanding the 
interaction they present within the system and the equivalence of the impacts they may 
have on the ecosystem. 
Evaluation scheme 
To carry out the sustainability evaluation of the Yotoco landfill, an interview session was 
held with the resident landfill engineer, with two operators in charge of gas management 
and with the environmental engineer of the company Interaseo.  In the interview, three filling 
operation scenarios were established and an evaluation consensus was requested in each 
one of the indicators proposed by ICoS Yotoco. 
The definition of the evaluation scenarios was made only taking into account the actions 
carried out in the management of methane emissions from the sanitary landfill. Changes in 
the operation of waste management are not included here. 




Scenario 1 Scenario 2 Scenario 3 
Processes 




It has an efficient 
system for the 
extraction and 
controlled burning of 
methane  
It has the methane 
burning system and an 
electricity generator  
Actors Interaseo 
Interaseo + 
 Green Gas Yotoco 
Interaseo+  
Gases de occidente 
Time Actual state  
It was the state two 
years ago 
It is a possibility to 
start in two years 







A. Scenario 1: This is the current state of operation of the sanitary landfill, in which there 
is not controlled methane burning system or energy generated from the gases produced. 
The only action taken is the manual installation of methane drainage pipes and a sporadic 
burning. It is worth clarifying that the installation of this system does not arise under an 
environmental or economic motivation, it is only to reduce the risk of explosion due to the 
accumulation of gases. 
Image 4-1 Current burning system 
 
Source: Picture was taken in the visit 
 
B. Scenario 2: This is the state in which the project was until 2015, in this scenario there 
is an external company, Green Gas Yotoco, that installs and operates an efficient system 
for the extraction and burning of methane but does not make an energy use of this resource. 
C. Scenario 3: At this point, it is considered that the project of energy use of the landfill will 
be implemented. Being the scenario with an external company, Gases de Occidente, that 
installs and operates the methane burning system and additionally genera electricity to be 





With these three methane management scenarios in the sanitary landfill, a scale between 
0 and 3 was defined to evaluate the variation that each of these scenarios can generate in 
the indicators of the ICoS evaluation scheme 
Table 4-2. Evaluation scale 
Evaluation scale 
Evaluation 0 When the scenario does not generate variation in the indicator, and It 
does not generate a representative impact on the system 
Evaluation 1 When the scenario generates a slight variation to the indicator and it is 
considered that although it generates an impact, it is not representative 
in the scale of the evaluation system 
Evaluation 2 When the scenario generates a moderate variation in the indicator and 
the impact is representative of the system. 
Evaluation 3 When the scenario generates a high variation in the indicator and the 
impact is high in the system. 
ND Information not determined, not measured or quantified 
Source: own construction 
 
After explaining the integrated concept of sustainability, the ICoS Yotoco methodology, 
each of the indicators that comprise it and the evaluation scales defined, the members of 
the group held the discussion until reaching an evaluation consensus. 






Table 4-3. ICoS for bioenergy projects in Yotoco Landfill 
ICoS for bioenergy* projects in Yotoco Landfill 
   
*Bioenergy: the conversion of biomass from agricultural and forestry waste, organic municipal waste 
and energy crops into useful energy carriers such as heat, electricity and power (Rincón Martínez, J. M., 
Gastón Mejía, R., & De Esteban Lizarde , J. 2014)   







Securing human existence 




Reduction of the GHG 
emissions  
CO2 eq avoided 2 3 3 








with the project / 
Number of 
houses without 
supplied in the 
community 
1 1 3 
Enabling all people to 









the project and / 
or for using the 
bioenergy) 
1 2 3 
Labor conditions Income, wage $  1 1 1 
Offering equal 
opportunities of using the 
environment for everybody 
Energy equity Access to bioenergy* 
 % of bioenergy 
in the total 
energy 
consumption 
1 1 3 
Energy market Bioenergy* prices 
$ kWh of 
bioenergy 
1 1 3 
Reducing excessive 




Economic benefits to the 
community 
taxes paid ND ND ND 
Maintaining society’s productive potential 
Using renewable material 









ND ND ND 
Climate change 







0 0 2 
Using non-renewable 
material and energy 
resources sustainably 
Energy market 
 Use of non-renewable 
fossil cumulative energy 
demand (CED) 
MJ 0 0 2 
Using the environment 
without damaging its 
absorption capacity for 
harmful immissions 
Water Water footprint  m3 1 1 1 
Climate change GWP 
CO2 eq/Ton 
MSW 






Table 4 3 ICoS for bioenergy projects in Yotoco Landfill (Continuation) 







Maintaining society’s productive potential 
Using the environment 
without damaging its 




Waste energy use 
Total waste used 
for energy/ Total 
waste generated  
0 0 2 
Avoiding unacceptable 
technical risks 
Energy security Reliability of energy SAIDI y SAIFI ND ND ND 
Developing property as 




(building and use of local 
labor and skills) 
hours of training 
per year/ 
employees 
0 1 1 
Preserving society's options for development and action 
Providing equal 
opportunities in education, 
employment, public office, 
and information 
Labor conditions Employment generation  
# new direct local 
employees/ # 
new employees 
1 1 1 





(acceptance of the 
business by the 
producer, consumer and 
local population) 
Description:  3 3 3 
Preserving cultural 
heritage and cultural 
diversity 
Communities 
Participating Description 1 2 3 
Conserving nature and 
landscape as cultural 
assets 
Visual effects of the 
relative height of 
buildings, chimney and 
other associated 
structures 









1 3 3 
Source: own construction 
 
During the evaluation process, important discussions on the impact that the different 
scenarios could have on the evaluated system were addressed.  
Each of the indicators was evaluated under the framework of the integrated concept of 
sustainability. 
For the GHG emission reduction indicator related to the waste management criterion, it is 
identified that the three scenarios present a positive impact on the protection of human. 
For the criteria of basic needs coverage, energy equity, energy market, it is defined that the 
only scenario that contributes is scenario 3 since it allows since it is the only one that allows 






Under the labor conditions with its indicator on wages received by the community, the 
evaluation group explains that within the municipality of Yotoco there is no skilled labor and 
that regardless of the type of project that is generated in the landfill, only people can be 
hired under a minimum wage payment scheme. Qualified labor must be hired in the city of 





5 Conclusions and recommendations  
The statistics on the generation of energy worldwide show the growth in the use of biomass. 
However, in Colombia this type of energy has not developed at the same pace as in other 
countries, even though it is evident that the country has a high potential for its use. This is 
how, from the public sector different incentives have been generated for the implementation 
of energy generation projects from residual biomass and, at the same time, the productive 
sector has initiated the design and consolidation of this type of projects. 
Through interviews with stakeholders, it was established that for public sector, private 
sector and academia actors, bioenergy projects are relevant in Colombia. Through these 
projects, it is possible to contribute to the generation of new business of energy models, as 
well as adaptation to climate change, waste management, contribution to the reduction of 
social inequalities and the generation of knowledge networks. This process also evidenced 
the need to define sustainability management frameworks that allow decision makers to 
evaluate projects in an integral way and seek sustainable development for the country. 
The integrated concept of sustainability (ICoS) defines a conceptual framework that allows 
evaluating sustainability in a general way, in order to narrow the evaluation process to a 
particular context, a methodology must be built that involves the decision makers of the 
type of project being studied. 
The methodology developed for the construction of the ICoS of bioenergy projects in 
Colombia, allows to approximate a theoretical concept to the definition of a tool that 
provides relevant information for decision makers. 
Although the evaluation of sustainability under the ICoS conceptual framework allows to 
analyze the current situation of a bioenergy project, to define the differences between 





developed in the present work does not allow the comparison of levels of sustainability with 
projects of different types or of different technology. 
In ICoS Colombia is relevant to include the following evaluation criteria: energy 
performance, waste management, climate change, economic development, energy 
security, water, energy market, communities, working conditions, social development and 
energy equity. 
In the process of evaluation of the sanitary landfill in Guabal-Yotoco, it is concluded that 
the decision makers of the project have only included economic and technical factors when 
defining the actions to be implemented in the landfill. The engineers in charge of the 
operation of the landfill have identified actions that can improve the sustainability 
performance of the process, but do not have the tools or indicators that allow them to 
demonstrate these improvements. 
The sustainability evaluation framework developed in the present work allows to identify 
economic, social and ecological impacts of the project of energy use of the emissions from 
the sanitary landfill and allows to evaluate the performance in terms of sustainability before 
the different scenarios that were proposed. 
Considering that each of the indicators proposed by ICoS Yotoco has not been measured 
yet, the evaluation process with the landfill operators allows to identify that scenario 3, 
energy use of gases, presents a better performance in the sustainability assessment.  This 
is mainly due to its contribution to the reduction of unsatisfied basic needs of the community, 
the expansion of access to energy, the reduction of energy inequalities in the Yotoco 
municipality, the creation of new energy markets, the reduction of greenhouse gases 
emission, the energetic use of waste and the generation of knowledge. 
Although scenario 2, burning of methane gas, does not allow to use the bioenergetic 
potential of the landfill, it presents contributions to the sustainable model as it partially 
reduces greenhouse gas emissions, generates new work opportunities in the community, 
allows the consolidation of knowledge networks and has a good acceptance by the 
community. 
The scenario 1, the current status of the landfill, in which uncontrolled methane burning 
takes place, is the one with the lowest performance in the sustainability assessment. 





procedure is not carried out. The uncontrolled emissions generate risk on the operation of 
the landfill and on the surrounding communities. In this scenario it is identified that currently 
the communities do not present any unconformity with the project, but this is mainly due to 
the distance that separates the sanitary landfill from the urban area, it is important to 
consider that with the population growth of the municipality, this condition could change and 
it could generate environmental conflicts due to the emissions and odors caused. 
The indicators associated with the criterion of labor conditions are those that show less 
variation in the three scenarios, this is mainly due to the fact that the landfill does not 
demand much labor, and the few jobs generated can not be supplied with local labor since 
they do not have the necessary technical knowledge and must be hired in the surrounding 
cities such as Cali or Palmira. 
The indicators of reliability and energy efficiency have not been determined by the people 
interviewed, it is necessary to carry out this type of measurements in order to determine 
the technical feasibility of the project. 
The application of this framework generates a comprehensive vision of the relationship 
ecosystem society in the case study 
Although the evaluation carried out in the present work allows to identify a detailed 
panorama of the sustainability of the project, for greater precision the calculations and 
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7 Annex A: ICoS definition 
Given that the definitions and explanation of the methodology are published in German, 
ITAS has published a summary for the scientific application (Seebacher, Albiez, Parodi, 
Quint, Zimmer, and Walter, 2014) with the following definitions: 
1. Securing human existence 
1.1. Protecting human health 
Nobody may damage the environment through substance or other influences to an extent 
that will or may harm humans. 
Human health may not be put at risk through hazardous substances released into the 
environment, nor may it be exposed to any other harmful influences. Human health is to be 
protected by reducing the emission of chemical substances and organisms damaging to 
health, by improving protection against harmful radiation, and by avoiding noise and stress.  
1.2. Ensuring that basic needs are met. 
A minimum level of basic services as well as protection against key life risks must be 
guaranteed for all members of society. 
Every person must at least have access to minimum standards of accommodation, food, 
clothing and health care. Everyone needs to be protected if he or she should become ill or 
unable to work or suffers from a disability. The purpose of this demand is to ensure that 
every person may be recognized as a full member of society. 
1.3. Enabling all people to secure their own livelihood  
All must be able to secure their livelihood through their own work undertaken voluntarily, 
including child care, caring for dependents, community work.  
The working environment has in recent years undergone major changes and continues to 
do so. This has led, among others, to the loss of permanent employment and social 
protection mechanisms. However, everyone should have the opportunity to secure their 
own livelihood, and that of their family, through their own work and without having to rely 





Work in this context refers not only to “gainful employment” in the traditional sense, but also 
to raising children, household work, caring for relatives, community work, gardening, 
helping neighbors, and the like. Work may take one or more of the above-mentioned forms. 
In any event, the condition is that work is paid suitably to guarantee a decent living. 
1.4. Offering equal opportunities of using the environment for everybody 
All humans living today and in the future have a right to use nature for themselves. 
Resources shall be distributed fairly. Nobody may be excluded from their use. 
The opportunities to use the environment should be shared fairly between people living 
today and in the future. A fair distribution of the utilization possibilities amongst the people 
living today must be achieved first. Poverty, for instance, leads to migration, destruction of 
the environment, overpopulation, and civil wars, so that neither the people living in such 
conditions today nor their offspring concern themselves with preserving the environment 
for future generations. Hence, the rich members of the world community must support the 
poor members to ensure that they also receive a fair share of available material and energy 
resources. At the same time, they must help them protect nature and its resources. 
1.5. Reducing excessive income or wealth inequalities 
Extreme differences in income and wealth distribution need to be reduced. 
While some people in Europe live in abundance, another part of the population lives below 
the poverty threshold. Wealth is also unevenly distributed globally, especially between 
developing and industrialized countries. The uneven distribution of goods is at the root of 
many global as well as national problems. Excessive wealth and income imbalances are to 
be avoided or reduced because they are the main cause of poverty and social 
marginalization. 
2. Maintaining society’s ability to manufacture products or provide 
services 
Using renewable material and energy resources sustainably Mankind shall not use more 
from nature than nature is able to provide or restore of its own accord. Every important 
ecosystem must have the chance to survive. Sustainable use implies that we may not take 
more from nature than nature is able to restore. Hence, the first thing to find out is how 
much may be taken from nature without doing irreversible damage. Enough must be left to 
allow nature to recover. Every ecosystem must have the chance to survive, whether this 
ecosystem is important to mankind today or whether it could become important in the future. 
A high diversity of species is important to ensure a healthy ecosystem. For this, a sufficient 
number of individuals of the same species must exist if this species is to survive. Nature 
must therefore be protected as well as possible over the entire area. For that reason, certain 






2.1. Using non-renewable material and energy resources sustainably 
Non-renewable resources may only be consumed to a limited degree to ensure that future 
generations will still be able to use them.  
If non-renewable resources (e.g. coal, oil, or copper) are consumed excessively, there will 
be nothing left for future generations. Yet, if a decision against their use were taken, the 
logical implication would be that future generations would not be allowed to use them either. 
The compromise stipulates that although mankind may extract and consume these 
resources it must ensure that these resources are still available to a certain extent to future 
generations for an appropriate period and until substitutes are found. Industrialized 
countries in particular must find ways to cut back their consumption either by in part 
renouncing the extraction and consumption or by using these resources more efficiently. 
Alternatively, they may substitute renewable resources and energy sources for non-
renewable ones. 
2.2. Using the environment without damaging its absorption capacity for 
harmful emissions 
Mankind may not release more harmful residues and radiation into the environment than it 
is able to absorb. 
Man releases many different substances (e.g. greenhouse gases or heavy metals) as well 
as radiation (nuclear radiation, waste heat, noise, light pollution) into nature which are 
harmful to nature as well as human health. Although nature is able to absorb a limited level 
of pollutants, man must en-sure not to burden it with more than it can cope with. It is difficult 
to determine where exactly the limits are. Moreo-ver, unexpected interaction with other 
substances may im-pact on these limits. It is therefore necessary to conduct analyses as 
comprehensive and precise as possible, consi-dering the various uncertainties and 
knowledge gaps. To be on the safe side, the limits which have been set should not be 
exploited fully. 
2.3. Avoiding unacceptable technical risks 
Technical processes with potentially disastrous consequences for mankind and the 
environment must be avoided. 
Modern technical processes promise great opportunities, e.g. in the fields of medicine, 
energy supply or nutrition. Yet, their deployment should always be critically examined since 
they often also harbour risks for man and the environment. Technical processes which are 
unlikely to have disastrous consequences but which would cause great damage in the event 
of an accident should be avoided if at all possible (for example, nuclear energy). Less risky 
solutions should be adopted instead. Processes which in each individual case only cause 
limited damage but which are used very frequently and hence increase the probability of a 





hazardous goods, oil tankers). Other processes, the use of which is viewed critically, are 
those where no adequate information is available yet about their consequences and the 
damage they might cause (examples: genetic engineering, nanotechnology). 
2.4. Developing property as well as skills and knowledge sustainably 
We must leave our descendants an inheritance made up not only of goods but also of 
suitable skills, competencies, knowledge, and know-how. 
We must leave future generations an inheritance that enables them to manage and take 
care of themselves. This means that we must bequeath to them the production plants and 
their fittings (machines, tools) as well as the technical infrastructure in an appropriate 
amount and quality. Yet we must also pass on the skills and knowledge to use these and 
to develop them further. Sufficient means or resources should be available so that the rules 
of sustainable development may also be heeded in future. Knowledge may either be passed 
on directly from one person to the next or by way of publications, databases or laws. 
Similarly, it may also be passed on through institutions or traditions 
3. Preserving options for development and action 
3.1. Providing equal opportunities in education, employment, public office, 
and information 
All members of a society must enjoy equal opportunities when it comes to access to 
education, information, employment, social standing, and political office. 
All members of a society must enjoy equal opportunities to exercise their personal liberty 
and their political rights. They must also be able to develop their own talents and realize 
their life ambitions. All should have or receive equal access to basic social necessities, 
namely self-confidence and self-respect as well as access to education, information, 
employment opportunities, political office, and positions. This applies in particular to those 
social groups hitherto disadvantaged and still suffering disadvantages today. Differences 
in gender, national or ethnic origin, skin color, culture, age, and sexual orientation shall not 
stand in the way of access to basic social necessities. Children from disadvantaged 
backgrounds must receive the same initial opportunities as children with a better starting 
position. 
3.2. Enabling participation in social decision-making processes 
It is important to take into consideration that all members of a society must be empowered 
to take part in decision-making processes of societal relevance because a society may only 
develop sustainably if the interests and knowledge of its members have some influence on 
the political opinion-forming process and if everybody is able to take part in societal decision 





elected, through access to public office, through freedom of opinion and freedom of 
assembly, and through further forms of civil participation.  
Further forms of participation in decision-making processes that are to be encouraged and 
used include: voluntary civic commitment, citizens’ forums, round tables, more corpo-rate 
co-determination, and new forms of direct democracy such as petitions and referenda on 
central societal issues of future relevance. 
3.3. Preserving cultural heritage and cultural diversity  
The cultural heritage of mankind and its cultural diversity must be preserved. 
Culture is reflected not only in the attractions of a country, but also in the diversity of its 
lifestyles and languages, and other traditions. Culture is not rigid, but ever-changing. It is 
influenced by other cultures and in turn influences other cultures. Every society itself 
includes a variety of cultures. Culture is a very important source of creativity, and its 
diversity must therefore be preserved. A key precondition for this is the mutual respect 
between cultures. The culture of a country reflects its history, customs, conflicts, and 
struggles, while at the same time continuing to develop. It is, therefore, subject to the 
tension between tradition and modernity. Sustainable development is a process of cultural 
change: It does not impact on cultures from the outside but must be itself part of a society’s 
culture. 
3.4. Conserving nature and landscape as cultural assets 
Especially unique landscapes which have either been created by man or left untouched 
must be conserved. 
Not only do we need nature to survive but also for our gratification. Our children and 
grandchildren should also be able to enjoy nature – in keeping with the principle of inter-
generational equity. It is necessary to conserve at least those landscapes which are 
particularly unique. These include not only untouched (wildlife) landscapes but also those 
shaped by the human hand. The decision which landscapes are to be protected should be 
taken in a generally intelligible, transparent and democratic process. 
3.5. Maintaining social cohesion 
A society thrives if its members stand together, if nobody is excluded and if a common 
development may take place. Trust and good relationships among people contribute to a 
peaceful social coexistence. Existing social networks must therefore be strengthened and 
new ones created to support these elements. With this in mind, members must be open to 
new and different ways of life. Education plays an important role in encouraging 
unprejudiced relations. It ensures that social and cultural issues are understood. Overall, a 
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9 Annex C:  Stakeholders  
List of experts consulted 




Ph.D. in mechanical 
engineering 
GE Global Research, Munich, 
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Environment and 
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Ph.D. in chemical 
engineering 
Politecnico di Torino | polito · 
DISAT - Department of 
















Economic and planning 
director 
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Carlos León  
Celis 
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Stakeholder Profile Entity Link Sector 
Cristina 
Ontario 
Scientific staff Research 













The results of the prioritization of each of the experts interviewed are presented. It 
is defined to make a color distinction for the actors of each included sector. 
 
  Private sector 
  Academic sector 
  Public sector 
  Germany sustainability sector 
 


























Water Relevant 10 0,100 Relevant 2 0,500 Relevant 3 0,333 Relevant 6 0,167 
Climate change Relevant 12 0,083 Relevant 5 0,200 Relevant 1 1,000 Relevant 2 0,500 
Air quality Relevant 16 0,063 Relevant 4 0,250 Relevant 4 0,250 Relevant 7 0,143 
Waste 
management 
Relevant 14 0,071 Relevant 3 0,333 Relevant 2 0,500 Relevant 8 0,125 
Supply chain Relevant 15 0,067 
No 
relevant 







  0,000 Relevant 13 0,077 Relevant 20 0,050 Relevant 12 0,083 
Land use change Relevant 3 0,333 
No 
relevant 
  0,000 Relevant 7 0,143 Relevant 9 0,111 
Communities Relevant 8 0,125 Relevant 14 0,071 Relevant 11 0,091 Relevant 16 0,063 
Energy market Relevant 1 1,000 Relevant 10 0,100 Relevant 18 0,056 Relevant 3 0,333 
Soil quality Relevant 13 0,077 Relevant 7 0,143 Relevant 5 0,200 Relevant 10 0,100 
Economic 
development 
Relevant 5 0,200 
No 
relevant 
  0,000 Relevant 15 0,067 Relevant 11 0,091 
Labour conditions Relevant 7 0,143 Relevant 16 0,063 Relevant 9 0,111 Relevant 13 0,077 
Social development Relevant 6 0,167 Relevant 8 0,125 Relevant 10 0,100 Relevant 14 0,071 
Energy 
performance 
Relevant 2 0,500 Relevant 12 0,083 Relevant 16 0,063 Relevant 1 1,000 




  0,000 Relevant 11 0,091 Relevant 19 0,053 
No 
relevant 








  0,000 Relevant 15 0,067 Relevant 14 0,071 
No 
relevant 
  0,000 
Environmental 
impact 
Relevant 9 0,111 Relevant 9 0,111 Relevant 8 0,125 Relevant 5 0,200 
































Water Relevant 3 0,000 Relevant 5 0,200 
No 
relevant 




  0,000 Relevant 7 0,143 Relevant 5 0,200 Relevant 16 0,063 
Air quality Relevant 3 0,000 Relevant 6 0,167 Relevant 15 0,067 Relevant 15 0,067 
Waste 
management 
Relevant 5 0,000 Relevant 8 0,125 Relevant 1 1,000 Relevant 14 0,071 
Supply chain Relevant 5 0,000 Relevant 15 0,067 Relevant 6 0,167 Relevant 4 0,250 
Innovation Relevant 5 0,000 Relevant 17 0,059 Relevant 12 0,083 Relevant 8 0,125 
Land use change Relevant 4 0,000 Relevant 10 0,100 Relevant 3 0,333 Relevant 11 0,091 
Communities Relevant 5 0,000 Relevant 1 1,000 Relevant 4 0,250 Relevant 12 0,083 
Energy market Relevant 5 0,000 
No 
relevant 
  0,000 
No 
relevant 
  0,000 Relevant 3 0,333 
Soil quality Relevant 4 0,000 
No 
relevant 
  0,000 Relevant 13 0,077 Relevant 6 0,167 
Economic 
development 
Relevant 4 0,000 Relevant 9 0,111 Relevant 2 0,500 Relevant 1 1,000 
Labour conditions Relevant 4 0,000 
No 
relevant 
  0,000 Relevant 14 0,071 Relevant 13 0,077 
Social development Relevant 4 0,000 Relevant 11 0,091 Relevant 8 0,125 Relevant 10 0,100 
Energy 
performance 
Relevant 5 0,000 Relevant 14 0,071 Relevant 11 0,091 Relevant 2 0,500 
Biodiversity   Relevant 5 0,000 Relevant 12 0,083 
No 
relevant 
  0,000 
No 
relevant 
    
Institutionality Relevant 5 0,000 Relevant 2 0,500 Relevant 10 0,100 Relevant 5 0,200 
Energy security Relevant 4 0,000 Relevant 16 0,063 Relevant 9 0,111 Relevant 17 0,059 
Energy equity Relevant 4 0,000 Relevant 3 0,333 
No 
relevant 
  0,000 
No 
relevant 
    
Environmental 
impact 
Relevant 4 0,000 Relevant 13 0,077 Relevant 16 0,063 Relevant 9 0,111 
Acceptability Relevant 5 0,000 Relevant 4 0,250 Relevant 7 0,143 Relevant 18 0,056 
 
 


























Water Relevant 3 0,333 
No 
relevant 
  0 Relevant 11 0,09 Relevant 6 0,167 
Climate change Relevant 2 0,500 
No 
relevant 
  0 Relevant 4 0,25 Relevant 7 0,143 
Air quality Relevant 12 0,083 
No 
relevant 
  0 Relevant 12 0,08 Relevant 8 0,125 
Waste 
management 
Relevant 1 1,000 Relevant 2 0,50 Relevant 19 0,05 Relevant 10 0,100 
Supply chain Relevant 15 0,067 Relevant 3 0,33 Relevant 13 0,08 Relevant 11 0,091 
Innovation Relevant 20 0,050 Relevant 6 0,17 Relevant 5 0,20 
No 
relevant 
  0,000 
Land use change Relevant 19 0,053 
No 
relevant 
  0 Relevant 17 0,06 Relevant 13 0,077 
Communities Relevant 10 0,100 
No 
relevant 
  0 Relevant 14 0,07 Relevant 19 0,053 
Energy market Relevant 18 0,056 
No 
relevant 
  0 
No 
relevant 
  0,00 Relevant 12 0,083 
Soil quality Relevant 4 0,250 
No 
relevant 
  0 Relevant 16 0,06 Relevant 9 0,111 
Economic 
development 
Relevant 17 0,059 Relevant 4 0,250 Relevant 6 0,17 Relevant 3 0,333 
Labour conditions Relevant 5 0,200 
No 
relevant 






VS JET CL CO 
Social development Relevant 6 0,167 Relevant 5 0,20 Relevant 7 0,14 Relevant 2 0,500 
Energy 
performance 
Relevant 16 0,063 Relevant 1 1 Relevant 3 0,33 Relevant 4 0,250 
Biodiversity   Relevant 9 0,111 
No 
relevant 
  0 Relevant 10 0,10 Relevant 15 0,067 
Institutionality Relevant 14 0,071 
No 
relevant 
  0 Relevant 15 0,07 Relevant 14 0,071 
Energy security Relevant 7 0,143 
No 
relevant 
  0 Relevant 2 0,50 Relevant 16 0,063 
Energy equity Relevant 8 0,125 
No 
relevant 
  0 Relevant 1 1,00 Relevant 17 0,059 
Environmental 
impact 
Relevant 13 0,077 
No 
relevant 
  0 Relevant 8 0,13 Relevant 5 0,200 
Acceptability Relevant 11 0,091 Relevant 7 0,143 Relevant 9 0,11 Relevant 18 0,056 
 
 
